At 24 h after insemination one uterine horn and one oviduct were flushed for recovery of spermatozoa and ova. When compared with naturally cyclic ewes, PG synchronization resulted in a marked reduction in the numbers of spermatozoa recovered (P < 0\m=.\05), and sponge synchronization led to a small, non-significant, reduction. Within the synchronized ewes, PMSG and FSH resulted in an equivalent superovulatory response, but there was a marked reduction in sperm recovery when compared with unstimulated animals (P < 0\m=.\01),with the greatest reduction attributable to PMSG treatment. Spermatozoa were recovered from fewer ewes treated with PMSG than with FSH (P < 0\m=.\05).Despite the observed impairment of sperm transport, a high fertilization rate was observed within each group and there were no differences between treatments.
Introduction
Failure of fertilization after superovulation is a major factor limiting the success of embryo transfer in sheep (Betteridge & Moore, 1977; Armstrong & Evans, 1983) . That this impairment is the result of decreased sperm transport through the cervix associated with the superovulatory treatments has been inferred from observations that fertilization can be improved by the intrauterine deposition of spermatozoa by surgical means in superovulated ewes (Trounson & Moore, 1974) .
Superovulation treatment regimens normally consist of a follicle-stimulating hormone preparation such as pregnant mare serum gonadotrophin (PMSG) combined with either a synthetic progestagen administered via vaginal pessary or prostaglandin (PG) F-2a (or a synthetic analogue) to control oestrus. Each of these, by itself, is known to affect fertilization adversely (Allison & Robinson, 1970; Boland, Gordon & Kelleher, 1978; Whyman & Moore, 1980) .
The decreased fertility resulting from progestagen and PG treatment in the absence of superovulation has been attributed to decreased transport of spermatozoa through the cervix, on the basis of direct measurements of the numbers of spermatozoa in various portions of the reproductive tract (Quinlivan & Robinson, 1969; Allison & Robinson, 1970; Hawk & Conley, 1975; Hawk & Cooper, 1977) . The present experiments were undertaken to compare the extent to which these oestrus-synchronizing agents, alone and in combination with two gonadotrophin preparations, PMSG and (Armstrong & Evans, 1984) .
Sperm recovery. All ewes were subjected to mid-ventral laparotomy 22-26 h after insemination.
This time was chosen since maximum numbers of spermatozoa have been recovered from the oviducts of ewes in natural oestrus (Mattner, 1963) or progestagen sponge-synchronized oestrus (Quinlivan & Robinson, 1969) The results of the quantitative analysis of the transformed sperm count data, excluding the Group C ewes, indicated a significant (P < 0-01) effect of exogenous gonadotrophin treatment (Table 1) . Sperm numbers were significantly reduced in both gonadotrophin-treated groups below those found in ewes which received no gonadotrophin, but no significant difference was detected between FSH-and PMSG-treated ewes. The overall difference between numbers of spermatozoa recovered from Groups S and PG was not significant (P = 0-16). Considering only the three groups which received no gonadotrophin, sperm numbers observed in the PG group were significantly lower than those in the C and S groups (P < 0-05).
Flushings from a limited number of ewes were examined immediately after recovery, enabling estimates to be made of motility of the recovered spermatozoa. These estimates were generally in the 30-60% range, although the number of observations was too low to permit meaningful comparisons between treatment groups, or between the uterine horns and oviducts.
Fertilization
At laparotomy 24 h after insemination, almost all ova were still at the single-cell stage, although 2-cell embryos were occasionally observed. A high proportion of ova recovered from most ewes had one or more spermatozoa attached to the zona pellucida at this stage (Table 1) . Similarly, embryos that had reached at least the 8-cell stage were found in the uterine flushings of most ewes when the opposite horns were flushed 2-3 days later (Table 1) . It therefore seems likely that the presence of spermatozoa attached to ova recovered at 24 h was indicative of incipient fertilization, if it had not already occurred. There were no significant differences attributable to treatments, in the proportion of ewes yielding ova with spermatozoa attached, or cleaved ova.
Insemination method
Only FSH-treated ewes in Group S were used in this experiment. Ovulation rates, sperm recovery and fertilization data are summarized in Table 2 . Although approximately 6 times as many spermatozoa were deposited in the cervical os as in the intrauterine site, the mean intrauterine sperm population was 100-fold greater in ewes inseminated surgically than in those inseminated vaginally (P < 0-05). Despite this large difference, there was no significant difference between the two treatments in the incidence of presumptive fertilization, based on the presence of spermatozoa attached to the zona pellucida of ova recovered 1 day after insemination. However, considerably larger numbers of spermatozoa were attached to ova recovered on Day 1 from surgically inseminated than from vaginally inseminated ewes (data not shown). (Hawk & Conley, 1975 ; Hawk & Cooper, 1977) . The less-pronounced reduction in numbers in ewes synchronized with progestagen sponges was not significant, although other workers using larger numbers of animals have demonstrated an impairment of sperm transport due to this treatment (Quinlivan & Robinson, 1969; Allison & Robinson, 1970; Hawk & Conley, 1975) .
In comparison with unstimulated ewes, there was a significant reduction in incidence of sperm recovery and sperm numbers recovered in the uterus and oviducts after superovulation by both FSH and PMSG. The incidence of sperm recovery was lower in PMSG-than in FSH-treated ewes, perhaps related to the different abilities of the two gonadotrophin preparations to stimulate oestradiol secretion even though the degree of superovulation by the two treatments did not differ significantly. Although we have no data on oestradiol levels produced as a result of the two gonadotrophin preparations in the present study, in goats treated with similar gonadotrophin regimens peri-ovulatory blood oestradiol levels were more elevated and for a longer period after superovulation with PMSG than with FSH (Armstrong, Pfitzner, Warnes, Ralph & Seamark, 1983) . Hawk & Conley (1975) have shown that exogenous oestrogen administered at the time of oestrus to intact ewes adversely affects sperm transport.
Despite the large differences in sperm numbers recovered from the uterus and oviducts due to the synchronization and superovulation treatments, there appeared to be no impairment of fertility as judged by the presence of spermatozoa on the zona pellucida of recovered ova, or by embryo recovery 2-3 days later. This suggests that the number of spermatozoa used in these inseminations exceeded greatly the minimum number required for maximum fertilization. Minimum numbers needed for normal conception rates in naturally cyclic ewes have been estimated previously at 120 106 for AI (Allison & Robinson, 1971 ) and 60 IO6 for natural mating (Fulkerson, Synnott & Lindsay, 1982) , or approximately 1/5 and 1/10, respectively, of the number used in the present experiment.
In several ewes in the present study, spermatozoa were found on ova but not in the remainder of the uterine or oviducal flushings ; in these instances we must assume that other spermatozoa had found their way to the oviduct but had passed through to the peritoneal cavity or had been phagocytosed before flushing. Nevertheless, it is an illustration that fertilization can occur when sperm numbers in the reproductive tract are extremely limited. In those ewes in which the second uterine horn was flushed 2-3 days after the first, viable embryos were recovered from all except 1 ewe which had yielded ova with spermatozoa attached at the earlier flushing. In this exceptional ewe, luteal failure was evident at the time of the second laparotomy; therefore, the failure to obtain embryos in this animal cannot be attributed to fertilization failure. It therefore appears that the presence of spermatozoa attached to the zona pellucida is correlated with fertilization. The relationship between numbers of spermatozoa attached to the zona pellucida and the presence or absence of fertilization reported by Hunter, Barwise & King (1982) supports this interpretation.
We have previously observed that naturally mated superovulated ewes with more than 16 ovulations exhibited a marked reduction in fertility when compared with those ewes with fewer ovulations (Armstrong & Evans, 1983) . In the present experiments, of the 5 ewes in which all recovered ova lacked attached spermatozoa, 3 had > 16 ovulations and one had a similar number of large cystic follicles. It therefore appears that the failure of fertilization in superovulated ewes is related more to the ovulatory response than to the exogenous gonadotrophin per se (see also Betteridge & Moore, 1977) .
